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INTRODUCTION

Early in the 20" Century, fishers occupied forested regions throughout the Sierra Nevada
Mountains, Klamath Mountains and the northern Coastal Ranges of California (Grinnell et al.
1937). By 1925, fisher populations in California had decreased significantly (Hall 1942),
apparently due to heavy trapping pressure and habitat loss from timber harvest and land
development. The trapping season for fishers in California was open until 1946, despite being the
only state that still allowed trapping during the early 1940s (Hall 1942). By the 1940s, the
remnant fisher populations in northwestern California and in the southern Sierra Nevada were 2
of only 6 small but apparently viable fisher populations left in the United States (Powell 1993).

A summary of sightings in the 1970s suggested that fishers may have persisted in the northern
Sierra Nevada at very low densities (Schempf and White 1977) but field survey data from the
1990s verify the existence of populations only in northwestern California and the southern Sierra
Nevada, separated by a distance of 300-400 km (Zielinski et al. 1995, Zielinski et al. 2005). The
population in the southern Sierra Nevada is assumed to be small, but formal population estimates
have not been conducted in either location. The ability of the isolated, southern Sierra Nevada
population to maintain itself is uncertain. That population could potentially benefit if
supplemented by dispersal of fishers re-established in the northern Sierra Nevada.

OBJECTIVES

Proposing to re-establish fishers in the northern Sierra Nevada Mountains raises 3 questions:

1) Is re-establishing a fisher population in the northern Sierra Nevada Mountains feasible?

2) Can the fisher population in northwestern California remain viable if fishers are removed
for release elsewhere?

3) Might fishers dispersing from a re-established population in the northern Sierra Nevada
reach the presently-isolated population in the southern Sierra Nevada and, if so, would
such dispersers benefit the southern population?

Re-establishing fisher populations throughout their range is desirable, independent of its
effects on the isolated population in the southern Sierra Nevada. Consequently, at least the first
2 of the questions above must have positive answers before advancing to the next stage of
evaluation and planning. We have, therefore, modeled the population ecology of fishers in
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northwestern California and modeled the reintroduction of fishers to the northern Sierra
Nevada. In addition, we modeled a metapopulation with 3 populations to explore potential
benefits of a reintroduction to the fisher population in the southern Sierra Nevada. Importantly,
our analysis does not include an assessment of the suitability of habitat or prey base at potential
reintroduction locations. On the contrary, we explore the implications of varying the number,
sex ratio and age ratio of the transplanted animals with the assumption that suitable habitat
exists and that release locations provide adequate resources. Thus, our results will need to be
interpreted with caution and integrated with habitat suitability and prey base assessments if a
formal reintroduction plan is developed. Furthermore, we do not address the genetic
implications of reintroduction strategy. Fisher populations in the Pacific region are relatively
homogenous, at the level of mitochondrial DNA sequences (Wisely et al. 2004), but this is not to
say that the genetic implications of fisher reintroductions should be ignored.

APPROACH

We considered several approaches to modeling fisher populations. Because removing fishers
for release from the northwestern California population has the potential to have the same effect
on a population as harvest of animals for fur, we considered approaches used by wildlife agencies
of the states and provinces of the US and Canada to determine annual harvest. Fisher
populations in southern Ontario have been evaluated and quotas established using the ratio of
juveniles to adults in the annual harvest (Fryxell et al. 2001, Strickland 1994). Populations of
many furbearers are estimated before and after trapping seasons using empirical data on harvest
effort and the numbers of animals harvested (Lancia et al. 1994). Getz and Haight (1989) argued
that the best approach to evaluating population responses to harvest is to model populations
using population matrices and demographic data.

Of these potential approaches, we established that population matrices were the most
applicable to answering the questions about the fisher populations in California. Age ratios,
though valuable and effective for managing trapped populations, require extensive empirical data
on the specific populations being evaluated (Fortin & Cantin 2004, Fryxell et al. 2001, Strickland
1994). Insufficient data exist for fisher populations in California to use this approach. From data
on fishers live-trapped for research in California and data on fishers elsewhere in their range, we
do have sufficient information to estimate demographic variables needed for population matrix
models. We chose to use population matrix models to evaluate the northwestern California
population and to explore the relative effects of removing fishers for release elsewhere.

MODEL

Because we have specific information for few demographic variables for the California fisher
populations, we used data from fisher populations elsewhere where necessary (data reported by
Powell 1993, Raine 1981) and explored the relative effects of changes pertinent to our 3
questions. As variables are added to population matrices, complexity multiplies and the models
quickly become difficult to handle. In addition, we wished to incorporate stochasticity into our
models, adding even more complexity. Fortunately, software for analyzing population viability,
VORTEX (Miller and Lacy 1999), uses complex population matrices that include variables
pertinent to our questions and include stochastic variability. Consequently, we used VORTEX



for our analyses.

Because VORTEX is used for analyses of population viability, the program estimates the
probability of extinction for populations having the demographic and environmental
characteristics used as input. To gain insight into each of our 3 questions, we established
baseline population characteristics (Table 1) and then explored how the probability of extinction
varied as we varied those input characteristics. We chose baseline characteristics consistent with
what we know about each population and that produced population projections and estimates of
extinction probability that allowed us to evaluate the effects, for example, of removing fishers for
release elsewhere. We used probability of extinction as an index of population viability, not as a
dependable estimate of that probability. To understand the importance of variation in these
baseline characteristics, we also calculated elasticity of most variables by varying the baseline
values +10%. We did not vary values for sex ratio or age of first reproduction, because they were
considered the least variable demographic characteristics.

VORTEX allows partitioning of populations into ‘subpopulations’ each of which experiences
different conditions. Subpopulations, in this case, are an accounting unit and are not assumed to
be distinct demographic entities as in formal metapopulation exercises. Across their range in
northwestern California, fishers experience distinctly different probabilities of habitat change:
private land managed for timber (roughly 50% of the range), USDA Forest Service land managed
for multiple use (roughly 35%), and Forest Service land with wilderness and other designations
that limit timber harvest and other changes in habitat (roughly 15%). Our baseline model
included 50 subpopulations, 25 of which each experienced 2 timber harvests during a 100 year
run (i.e., private land), 18 of which experience 1 harvest (i.e., multiple use pubic land), and 7 of
which experienced no harvest (i.e., wilderness). We did not specify a specific harvest program
but envisioned a program that would affect animals by removing critical habitat. We considered
critical habitat to be forests with complex canopy structure and, especially, complex structure on
the ground below a full canopy. Clearcutting certainly removes critical habitat but other harvest
regimes can do so as well. During the year after harvest, reproduction in a subpopulation was
reduced by 50% and survival by 15%. VORTEX does not allow one to incorporate long-term
changes in habitat, only 1-year changes. To gain a long-term effect, we exaggerated the
reduction of reproduction and survival in the year following harvest. Juveniles dispersing from
any subpopulation had a modestly higher probability of reaching adjacent subpopulations (5%
probability) than of reaching other subpopulations (3% probability). Fishers are protected from
trapping so we assumed that trap mortality was zero, although some incidental capture probably

occurs (Lewis and Zielinski 1996).

To evaluate the potential effects of removing fishers from the northwestern California
population, we decreased litter size modestly (from 2.5 to 2.0) to emphasize the potential cost of
productivity to the population by losing reproductive females. By using the lower number, the
model is more likely to detect negative effects from removing females. If removal was unlikely to
cause trouble with a slightly lower litter size, then removal would be even less likely to cause
trouble for a population at our baseline conditions. To balance this change and to retain
population stability, we reduce juvenile mortality (65% to 54%). From this model population, we



4
removed 20 fishers for 2, 3, 5 or 8 years, either 5 fishers from each of 4 different subpopulations
each year or 1 fisher from each of 20 subpopulations. Again to emphasize the effects of losing
reproductive females, we removed 3 adult females and 2 adult males in each removal from a
subpopulation. We evaluated the potential effect on the northwestern California population
through changes in the probability of extinction.

To evaluate the effectiveness of different reintroduction regimes for a potential fisher
population in the northern Sierra Nevada, we simulated the release of 20 fishers, 5 each into 4
different sites, each of which could become a subpopulation of the new population. We explored
the effects of releasing fishers for 2, 3, 5 or 8 years, releasing fishers into new sites each year. We
again modeled 50 subpopulations but assumed that 40 (80%) would be on Forest Service land
and that only 10 would be on private land. Each subpopulation on federal and private land was
modeled to experience 2, 1 or no timber harvests in a 100 year run of the model, as we had
modeled the northwestern California population. To explore the effects of sex and age ratios on
potential release success, we varied sex ratio from 4:1 (M:F) to 1:4 and we varied the number of
juveniles released from O to 3 in each group of 5 released at a site. Assuming that this new
population of fishers will occupy a smaller area than that of the present northwestern California
population, we set carrying capacity, K, at 1000 (vs 2000 for the northwestern California
population). Values for other variables were as used for the removal runs with the northwestern
California population.

Finally, we modeled the effects of immigration from a newly established population in the
northern Sierra Nevada on the viability of the southern Sierra Nevada population. To do so we
established a baseline using the same values for variables as were used for the removal runs with
the northwestern California population, except that we set K at 400, a reasonable estimate of the
present population size (Lamberson et al. 2000). We explored the effects of 1 female or 1 male
fisher reaching the population from a new northern Sierra Nevada population at frequencies of
1/yr to 1/15 yr. We then connected the 3 populations (without subpopulations) in a
metapopulation in which dispersal between adjacent populations varied from O to 2% of
dispersing juveniles per year. This connectivity was evaluated for its effects on population
ecology, not genetics.

We used the probability of extinction throughout as an index of population viability. Our
index of successful reintroduction of fishers to the northern Sierra Nevada was 1 - (probability of
extinction).

RESULTS

The baseline model (no fishers removed from the NW California population) predicted a 5%
probability of extinction for the northwestern California fisher population. Elasticity values for
the demographic variables are shown in Table 1. Population growth and viability for the
population appear most affected by variation in juvenile mortality (10% variation yielded 39%
change in probability of extinction) and then by variation in litter size (23% change in probability
of extinction). Elasticities indicate that variations in other variables probably have small effects
on the population.
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In case our estimates of the present population size or carrying capacity are widely in error, we
also ran the model with each reduced to half the baseline value. Halving the initial population
size increased probability of extinction by 1%. Halving K increased the probability of extinction
by 22%, which is still of lower impact than a 10% change in juvenile mortality or litter size.

Given the assumptions of the model, removal of fishers from the northwestern California
population is predicted to have little effect (Table 2). The predicted probability of extinction
rose <5% when 20 fishers (5 each from 4 different subpopulations each year) were removed from
the model population for each of 8 years; removals of 1 fisher from each of 20 subpopulations for
3 years had no effect on probability of extinction.

The index of predicted successful reintroduction of fishers to the northern Sierra Nevada
Mountains varies considerably with the introduction scenario (Table 3). Holding other variables
constant, probability of success increases with the number of years that fishers are released (Table
3, Figure 1) and increases with the number of females in the release population. Although the
probability of success increases with the ratio of adult females to adult males (AF:AM) in the
release population (Table 3, Figure 2), the increase in the index of success responds almost
entirely to the total number of females (Table 3, Figure 3, 4). In other words, releasing groups of
2 females and 3 males at each of 4 sites has the same probability of success as releasing 2 females
and 2 males at each of 4 sites; the number of females released is critical, not the sex ratio per se.

We established the model fisher population in the southern Sierra Nevada to have an index of
extinction of 15%. Allowing dispersing fishers from a re-established population in the northern
Sierra Nevada to reach the southern Sierra Nevada population reduced the probability of
extinction. Immigrating fishers supplemented the southern Sierra Nevada population and
allowed recolonization after extinction. If fishers dispersing from a newly established northern
Sierra Nevada population reached the southern Sierra Nevada with a 1% probability, the
probability of extinction for the southern population decreased from 15% to 11%. With dispersal
probability from the new northern Sierra Nevada population set at 2%, probability of extinction
of the southern Sierra Nevada population decreased to 2%. With 1 dispersing female reaching
the southern population every 5 years, probability of extinction decreased from 15% to 6%.

DISCUSSION

The models explored in this report provide information directly related to our second
objective and to half of our third objective: will removing fishers from the northwestern
California fisher population jeopardize that population and, if fishers disperse from a newly-
established population in the northern Sierra Nevada, will that dispersal have a positive effect on
the present, small, southern Sierra Nevada population? Our results predict that removal of up to
20 fishers per year for as long as 8 years from the northwestern California population, to re-
establish a fisher population in the northern Sierra Nevada Mountains, will not jeopardize the
northwestern California population. This conclusion is contingent on our assumptions about the
effects of timber harvest, and its rate, on fisher vital rates. A shortcoming of modeling the effect
of timber harvest on subpopulations in VORTEX is the difficulty of applying the depressed rates



of survival and reproduction for more than the single year in which the harvest has its effects.
This may lead to somewhat optimistic forecasts for the viability of the northwestern California
population. Furthermore our analysis was conducted without considering recent information
that suggests that fisher populations, particularly the female component, may be decreasing
precipitously on several ownerships in northwestern California (M. Higley, Hoopa Tribal
Forestry, pers. comm., L. Diller, Green Diamond Resource Company, pers. comm.). This
observation has yet to be confirmed, but if true would call for revised assessments of the viability
of this population. Specifically, we would vary adult sex ratio to evaluate the effect of a male
biased adult population on the probabilities of extinction.

McLoughlin and Messier (2004) warned that in models of population viability, erroneous
estimates of initial population size may cause greater errors than poor estimates of vital rates.
They used grizzly bears (Ursus arctos) as their example, though, and grizzly bears have lower
population sizes and lower mortality and reproductive rates than fishers, all of which exacerbate
the effects of initial population size and de-emphasize the importance of vital rates (Lewontin
1974). We tested for the effects of over-estimating the present size of the fisher population in
northwestern California and showed that over-estimating the population size by a factor of 1 (i.e.,
the estimated size is twice as big as the real population size) had relatively little effect on our
results. Importantly, changing the initial population size would not affect the relative rankings of
different strategies for removal of animals from the northwestern California population or for
introduction of animals to a new site. Because of the structure of the VORTEX model, changes
in the effects of harvest on fisher reproduction and survival, changes in proportions of public and
private land, and changes in baseline conditions will also not affect the relative rankings of
removal and introduction strategies.

Levins (1966) noted in his classic paper that models can have 3 important characteristics,
accuracy, precision and generality, but can never have more than 2 of these characteristics at
once. As models become more precise, they must become less general. In our models, we have
sought accuracy and generality, knowing that to model one situation precisely required our model
to become inaccurate for other situations. In the end, however, no model can be 100 accurate.
Whether removing fishers from the population in northwestern California will jeopardize the
population or not can only be learned by actually removing fishers.

Similarly, our models could not predict with certainty that a new population of fishers can be
established in the northern Sierra Nevada. The models do predict that the 2 major factors
affecting success of a release should be 1) the numbers of females released each year (as long as at
least some males are released) and 2) the number of years that fishers are released (Table 3.
Figures 1, 2, 3, 4). The results suggest that releasing more males than females and releasing any
juvenile males will not increase the probability of success. Retaining these juvenile and adult
males in the northwestern California population will decrease the impact of removals on that
population and decrease the cost and effort associated with the release without changing the
chances of success.

Assuming that habitat quality is sufficient in a potential reintroduction area, previous
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reintroduction efforts suggest that the probability of re-establishing a new fisher population may
be higher than we predict. For 28 fisher releases documented in the literature, 75% succeeded in
establishing new populations, some with as few as 12 or 14 fishers released (Roy 1991, Lewis and
Hayes 2004; Figure 5). The literature also suggests, consistent with our results, that the more
animals released, the higher the probability of success. The mean number of fishers released that
established new populations, 49 fishers, was larger than the number released that failed, 22 fishers
(significant at p = 0.1, Figure 5). Also, the number of years that fishers were released appeared
to affect success (p = 0.12, Figure 5). Consequently, we believe that releases of 20 fishers/year
for 3 to 5 years may have probabilities of success higher than the 20-42% listed in Table 3. If sex
ratio of the fishers released favors females, the success rate might be considerably higher (Table 3,
Figures 3, 4). Both assertions depend, however, on adequate habitat and prey resources in the
reintroduction location.

Although our results suggest that dispersal of fishers from a newly-established population in
the northern Sierra Nevada Mountains to the present population in the southern Sierra Nevada
should decrease the probability of extinction for the southern population, we are unable to
estimate the actual probability of such dispersal. The maximum dispersal distance documented
for fishers is 100 km (Arthur et al. 1993) and the northwestern California and southern Sierra
Nevada populations are approximately 350 km apart. Dispersal from a new population
established midway between the 2 present populations would require dispersal of approximately
150 km to reach either of the present populations, a distance no fisher has been recorded to
disperse, and through a landscape that has unknown suitability to fisher movements.
Nonetheless, even rare dispersal of fishers to the southern population should have a positive
effect, and possibly a significantly positive effect.

On the basis of our analyses, and the review of the literature, we suggest that if reintroduction
is to proceed, the next steps would be: (1) a more critical examination of the characteristics of
the northwestern population to validate our modeling assumptions, especially in regard to the
effect of timber harvest on life history parameters and to incorporate the effects of a local
population decline, should it be confirmed, (2) a thorough investigation of the distribution and
abundance of habitat and preyin potential reintroduction areas, and (3) an evaluation of the
genetic implications of transplantation.
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Table 1. Baseline conditions for population matrix analyses of the fisher population in
northwestern California. Baseline conditions were run 100 times for 100 years using VORTEX
with stochastic variation as indicated by standard deviations (SD). Elasticity indexes the
percent change in the probability of extinction when input variables changed by + 10%.

Elasticity (% change in
probability of extinction)

Demographic Variable Value (+ SD) -10% +10%
Starting population size, N, 1000 4 2
Carrying capacity, K 2000 + 250 7 8
Mean litter size 2.6+ 1.0 23 3
Age (yr) first reproduction 2 —* —*
Exponent for density dependence, B 16 0 0
Exponent for Allee Effect, A 0.5 0
Mortality rates
Juveniles (age 0-1) 65 + 25 % 3 39
Yearlings (age 1-2) 25 + 20% 2 8
Adults (age > 2) 12 + 20% 0 9
Reproduction after logging 50% 4 8
Survival after logging 75% —* —*
Local subpopulations (and  timber

harvest/100 yrs)

Total number 50

Private land

USEFS land managed for timber

25 (2 harvests/100
yrs)

17 (1 harvest/100
yrs)

*elasticity values not calculated.
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Table 2. Predicted effects of removing fishers from the northwestern California population for

3 or 5 years, predicted by 100 runs of VORTEX for each set of values for variables. Fifty

‘subpopulations’ were included, where a subpopulation is an accounting unit rather than a

distinct population subcomponent.

Removal Scenario

Number Fishers Removed Number Increase in

From Each Subpopulation Subpopulations  Number Years Probability of
Extinction

1 20 3 0%

1 20 5 3%

5 4 3 2%

5 4 5 0%

5 4 8 1%

Table 3. Predicted index of successful reintroduction of fishers to the northern Sierra Nevada

Mountains, predicted by 100 runs of VORTEX for each set of values for variables.

Reintroduction Scenario

Number Released at Each of 5 Release Sites

Number Index of

Adult Females Adult Males Juvenile Females Juvenile Males Years Success
3 2 0 0 2 2
3 2 0 0 3 20
3 2 0 0 5 42
3 2 0 0 8 82
1 4 0 0 5 3
1 3 0 0 5 4
1 2 0 0 5 3
2 3 0 0 5 29
2 2 0 0 5 26
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Figure Captions

Figure 1. Predicted relationship between number of years that fishers are released and success in
establishing a new fisher population in the northern Sierra Nevada Mountains. The VORTEX
model included stochastic variation and was run for 100 years. Twenty fishers were modeled
to be released each year in 4 groups of 5, each group with a sex ratio of 2 males:3 females, and
each group released into a different site.

Figure 2. Predicted relationship between sex ratio for fishers that are released and success in
establishing a new fisher population. The VORTEX model included stochastic variation and
was run for 100 years. Twenty fishers were modeled to be released in each of 5 years in 4
groups of 5, with each group released into a different site.

Figure 3. Predicted relationship between numbers of adult female and adult male fishers released
at each of 4 subsites in each of 5 years and success in establishing a new fisher population. No
juvenile fishers were released in these scenarios. The VORTEX model included stochastic
variation and was run for 100 years. Twenty fishers were modeled to be released each of 5
years in 4 groups of 5, with each group released into a different site.

Figure 4. Predicted relationship between numbers of female and male fishers, including juveniles,
released at each of 4 subsites in each of 5 years and success in establishing a new fisher
population. The VORTEX model included stochastic variation and was run for 100 years.
Twenty fishers were modeled to be released each of 5 years in 4 groups of 5, with each group
released into a different site.

Figure 5. Actual relationship between the numbers of fishers that were released for 28 releases

and the number of years that fishers were released (tabulated by Roy (1991) and Washington
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Department of Fish & Wildlife 2004). Successful releases are shown by solid circles, failed

releases by open circles. These real data suggest that releases with more fishers and that lasted
for more years had greater success (p = 0.1 for numbers of fisher, p = 0.12 for number of
years). (Data from Anderson 2002, Aubry & Lewis 2003, Baird & Frey 2000, Benson 1959,
Berg 1982, Bradle 1957, Dodds & Martell 1971, Drew et al. 2003, Heinemeyer 1993, Irvine et
al. 1964, Kyle et al. 2001, Luque 1984, Pack & Cromer 1981, Petersen et al. 1977, Proulx et
al. 1994, Roy 1991, Serfass et al. 1996, Wallace & Henry 1985, Weckwerth & Wright 1968,

Weir et al. 2003, Weir 1995.)
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